We exploit data from the Pan-Andromeda Archaeological Survey (PAndAS) to study the extended structures of M31's dwarf elliptical companions, NGC147 and NGC185. Our widefield, homogeneous photometry allows to construct deep colour-magnitude diagrams (CMDs) which reach down to ∼ 3 mag below the red giant branch (RGB) tip. We trace the stellar components of the galaxies to surface brightness of µ g ∼ 32 mag arcsec −2 and show they have much larger extents (∼ 5 kpc radii) than previously recognised. While NGC185 retains a regular shape in its peripheral regions, NGC147 exhibits pronounced isophotal twisting due to the emergence of symmetric tidal tails. We fit single Sersic models to composite surface brightness profiles constructed from diffuse light and star counts and find that NGC147 has an effective radius almost 3 times that of NGC185. In both cases, the effective radii that we calculate are larger by a factor of ∼ 2 compared to most literature values. We also calculate revised total magnitudes of M g = −15.36 ± 0.04 for NGC185 and M g = −16.36 ± 0.04 for NGC147. Using photometric metallicities computed for RGB stars, we find NGC185 to exhibit a metallicity gradient of [Fe/H]∼ −0.15 dex/kpc over the radial range 0.125 to 0.5 deg. On the other hand, NGC147 exhibits almost no metallicity gradient, ∼ −0.02 dex/kpc from 0.2 to 0.6 deg. The differences in the structure and stellar populations in the outskirts of these systems suggest that tidal influences have played an important role in governing the evolution of NGC147.
INTRODUCTION
Dwarf galaxies have long been considered relatively simple objects due to their small sizes. However, detailed studies of our Local Group (LG) dwarf members have unveiled a great degree of complexity in their resolved stellar populations and star formation histories (SFHs; e.g., Grebel 1997; Mateo 1998 ; van den Bergh ⋆ Email: denija.crnojevic@ttu.edu 1999). Discrepancies between their observed properties and theoretical predictions have often been used to argue against the widelyaccepted Λ CDM model, although uncertainties in modelling baryonic physics may also play a role (for a recent discussion see e.g., Weinberg et al. 2013 ). Nonetheless, dwarf galaxies are exciting testbeds for refining our view of galaxy formation and evolution, and represent a vital step in the understanding of more massive and complex objects.
As a result of their small masses, dwarf galaxies are particu- Table 1 . Assumed properties of NGC147 and NGC185. Columns are (1): name of the galaxy; (2-3): equatorial coordinates from the NED database (http://ned.ipac.caltech.edu/ ); (4-5) Galactic longitude and latitude (NED); (6) absolute V magnitude, obtained using the apparent, de-reddened magnitude listed in NED (originally from de Vaucouleurs et al. 1991 ) and the distance modulus derived by Conn et al. (2012) ; (7-9): apparent TRGB i-band magnitude and deprojected distances from the Milky Way and from M31 (Conn et al. 2012 , uncertainties stem from the resulting Posterior Probability Distributions); (10-11): mean extinction values (SDSS bands) from NED; (12-13): mean position angle (measured from north through east) and ellipticity as derived in this study (see Sect. 4). larly sensitive to processes that affect gas content, and thus star formation, and both internal feedback and environmental effects are likely to play major roles in governing their evolution. For example, the origin of dwarf elliptical (dE) galaxies is a longstanding question: are they simply scaled-down versions of more massive early-type galaxies, which experience the main episode of star formation at early epochs, or do they result from the morphological transformation of gas-rich dwarf irregular (dIrr) galaxies which are depleted of their gas content through environmental processes (e.g., ram-pressure stripping, tidal interactions)? The role of internal versus environmental factors has been discussed extensively in the literature (see, e.g., Mateo 1998; Grebel et al. 2003) but there is as of yet no consensus. Investigating the structural profiles and stellar populations gradients in these systems has the potential to help distinguish between possible origins. It is within the LG that the resolved stellar populations of dwarf galaxies can be studied with the greatest precision. Only four dE galaxies are known within the LG (NGC185, NGC147, NGC205 and M32) and all of these are likely satellites of M31. Lying in M31's remote halo, NGC185 and NGC147 were first recognised as LG members by Baade (1944) . Accurate distances, derived with the tip of the red giant branch (TRGB) method, place NGC185 at ∼ 620 and NGC 147 at ∼ 710 kpc from us 1 , and at ∼ 180 and ∼ 120 kpc from the centre of M31 (Conn et al. 2012, see Tab. 1) . Their 3D separation is only 93 ± 27 kpc and they have heliocentric radial velocities of ∼ −203 km/s and ∼ −193 km/s, respectively (Geha et al. 2010 ). There has been much debate about whether they form a physical system or not (e.g. van den Bergh 1998; Watkins et al. 2013; Fattahi et al. 2013; Evslin 2014 ). Despite having similar luminosities, the two dEs show some marked differences in their internal properties. NGC 185 hosts a population of young stars, some of which formed as recently as ∼ 100 Myr ago (e.g. Martínez-Delgado et al. 1999) . It also has central dust lanes and ∼ 3.0 × 10 5 M ⊙ of neutral gas, an amount that is consistent with stellar mass loss originating from the most recent star formation event (Marleau et al. 2010) . On the other hand, NGC147 does not contain significant dust or gas, and shows no evidence for a population younger than ∼ 1 Gyr (e.g. Sage et al. 1998; Marleau et al. 2010) . The mean metallicities and metallicity gradients have been investigated in both systems with varying conclusions, possibly reflecting the different analysis methods and areal coverages of the individual studies (e.g. Han et al. 1997; Martínez-Delgado et al. 1999; Battinelli & Demers 2004b,a; Gonçalves et al. 2007; Geha et al. 2010; Gonçalves et al. 2012; Ho et al. 2014) . A recent spectroscopic study of NGC185 and 1 At these distances, 1 kpc=5.6 arcmin (NGC185) and 1 kpc=4.8 arcmin (NGC147).
Galaxy
NGC147 probed stellar kinematics to large radii and discovered significant rotation in both galaxies (Geha et al. 2010) , contrary to what had been previously found by smaller FoV studies (Bender et al. 1991; Simien & Prugniel 2002) . This provides important insight into the formation mechanism of this class of galaxies, suggesting a rotationally-supported origin possibly followed by a morphological transformation.
In this work, we present a photometric analysis of the stellar content of NGC147 and NGC185 derived from very widefield survey data. Many galaxies have recently been shown to have large low surface brightness extensions (e.g. Barker et al. 2012; Bernard et al. 2012; Crnojević et al. 2013; Ibata et al. 2014) , the properties of the which hold important clues to their past histories, and it is natural to ask whether these two systems do too. We exploit data from the Pan-Andromeda Archaeological Survey (PAndAS) that imaged the M31 halo out to projected distances of ∼ 150 kpc ) and which provides deep uniform photometry out to unprecedented radii for both dwarfs. This dataset has already led to the discovery of a prominent stellar stream emanating from NGC147, which is reported in detail elsewhere (e.g., Ibata et al. 2014; Martin et al. 2013, Irwin et al., in prep.) , as well as several new globular clusters around both systems (Veljanoski et al. 2013) . In this paper, we analyse the resolved stellar populations across large swaths of the two dEs and re-examine their extents, structural properties and chemical contents.
The paper is organized as follows: in §2 we present the data and the photometry, and show the resulting colour-magnitude diagrams (CMDs) in §3. We analyse the spatial distribution of populations in §4, their radial density and surface brightness profiles in §5, while in §6 we derive photometric metallicity distribution functions (MDFs) and investigate the metallicity gradients. We discuss our results in §7, and draw our conclusions in §8. 3), shifted to the appropriate distance. The adopted RGB boxes are outlined in red, while blue boxes indicate areas dominated by foreground sequences (Galactic halo: 0.1 < (g − i) 0 < 0.6, 19 < i 0 < 21; Galactic disc: 1.2 < (g − i) 0 < 2.7, 18 < i 0 < 19). The dash-dotted red line isolates candidate young stars. We do not consider luminous AGB stars in this work as their study is deferred to a future paper incorporating a NIR dataset.
OBSERVATIONS AND PHOTOMETRY
As a brief summary, the raw data are pre-processed through the Elixir CFHT pipeline, and the source detection and aperture photometry are obtained with the CFHT/MegaPrime adapted version of the Cambridge Astronomical Survey Unit (CASU) pipeline (Irwin & Lewis 2001) . PSF-fitting photometry is subsequently performed using DAOPHOT/ALLSTAR (Stetson 1987) . Although PSF-fitting photometry leads to smaller photometric uncertainties (see Ibata et al. 2014 ), the quality of fit parameters vary greatly between CCDs and thus cannot be used to clean our catalogue of non-stellar sources. Instead, the PSF photometry and the CASU aperture photometry are cross-matched and the source classifications from the latter are adopted. For the bulk of our analysis, only objects classified as stellar or probably stellar (i. e. within 2σ of the stellar locus; Irwin & Lewis 2001) in both bands are used. The resulting g and i magnitudes are on the AB system, and the final band-merged catalogue provides both morphological classification and accurate astrometry for each source. Sources in our catalogue have a signal-to-noise ratio of ∼ 5 (corresponding to a photometric error of 0.2 mag) at i 0 ∼ 24 − 24.5 and g 0 ∼ 25 − 25.5.
Throughout this study we use de-reddened magnitudes, adopting the extinction values obtained from the Schlegel et al. (1998) E(B − V) maps interpolated on a star-by-star basis. Additionally, we apply the Bonifacio et al. (2000) correction for E(B − V) > 0.1 (their formula 1), which returns slightly smaller values than the original ones. The mean extinction for a ∼ 3 × 3 deg 2 field centered on NGC185 and NGC147 is < E(B − V) >∼ 0.13 and presents spatial variations of up to ∼ 40%. We apply the following conversion to obtain the final de-reddened magnitudes: g 0 = g−3.793 E(B−V) and i 0 = i − 2.086 E(B − V) (Schlegel et al. 1998 ).
Tab. 1 lists the properties of the two dwarf galaxies. The distance to the dEs is taken from Conn et al. (2012) , which has been derived from the TRGB luminosity via a Bayesian approach using the same PAndAS dataset. We have recomputed the position angle PA, ellipticity ǫ and effective radius r eff for each galaxy, given the larger extent of our data with respect to previous surveys (details in Sect. 4). Throughout this paper, we use standard coordinates (centered on either NGC185 or NGC147) and refer to galactocentric projected elliptical radii (r = x 2 + y 2 /(1 − ǫ) 2 ) computed using our mean values of position angle (PA) and ǫ.
COLOUR-MAGNITUDE DIAGRAMS
In Fig. 1 we show de-reddened colour-magnitude diagrams (CMDs) for NGC185 and NGC147. We plot all stars in each system lying within an ellipse of semi-major axis 0.3 deg to highlight the main CMD sequences. The most prominent feature in the CMDs is a broad red giant branch (RGB), indicative of old (∼ 2 to 13 Gyr) populations that have evolved off the main sequence (MS). Dartmouth isochrones in the CFHT photometric system (Dotter et al. 2008; McConnachie et al. 2010) have been overlaid on the RGB. The isochrones have been shifted to the distance of each galaxy and have an age of 12 Gyr, [α/Fe] = +0.0 and varying metallicity to encompass the full width of the RGB. For our subsequent analysis, we define a selection box on the main RGB locus with the bright limit set by the TRGB luminosity and a faint limit of i 0 = 23.5. The faint limit has been chosen to limit incompleteness in our data and minimise contamination from unresolved galaxies which become significant at magnitudes fainter than this (see Ibata et al. (2014) and Fig. 3) .
The other main features visible in the CMDs are due to foreground stars which are especially prominent given the low Galactic latitude of the two systems. The almost vertical sequence at 0.2 (g − i) 0 1.0 and g 0 21 results from halo turnoff stars, while the broad diagonal sequence with 1.5 (g−i) 0 3.0 is due to disc dwarfs. Short-lived, luminous asymptotic giant branch (AGB) stars are expected to be found above the TRGB and are indicative of intermediate-age populations (∼ 0.5 − 8 Gyr). Such populations are indeed visible up to ∼ 1 mag above the TRGB and redward of the RGB box, at colours 1.5 (g − i) 0 3, especially for NGC147. However, this region of the CMD is significantly contaminated by foreground stars in optical bands, such that an accurate analysis of AGB stars is not feasible from the PAndAS data alone. We defer the study of intermediate-age populations in the target dEs to a fu- ture paper which will also incorporate near-infrared (NIR) data, enabling a cleaner and more robust separation from foreground stars.
Finally, a few objects are visible at colours bluer than (g−i) 0 0 (vertical dashed line in Fig. 1 ), suggesting the presence of young, massive MS stars. While NGC185 has been previously shown to have signs of recent star formation in its main body (Lee et al. 1993; Martínez-Delgado et al. 1999; Butler & Martínez-Delgado 2005; Marleau et al. 2010) , NGC147 is not known to contain young stars. Some foreground stars could contaminate this CMD region, however. We define a selection box for blue stars at −1.0 < (g−i) 0 < 0.0, 17 < i 0 < 23.5 and consider in detail their spatial distribution in the following analysis, though we note that crowding in the central regions -where these sources typically lie -limits straightforward interpretation.
Foreground/background contamination
While our photometric catalogue will be dominated by stars in NGC147 and NGC185, there will also be contaminant sources. Accounting for these is crucially important when analysing the low surface density peripheral regions of the two dwarfs. The are three types of contaminating sources to consider -Galactic foreground stars, M31 halo stars, and unresolved background galaxies. While M31 halo stars and background galaxies are expected to be relatively smoothly distributed over our FoV (we are considering large galactocentric distances from M31 where the halo density falls off slowly, Ibata et al. 2014) , the contribution from Galactic disc stars significantly increases in the north-west direction due to the low Galactic latitude (b ∼ −14
• ) of the systems. In order to account for contaminants, we select two large rectangular "field" regions that lie east and west of the dEs (see Fig. 2 ), each with an area of ∼ 1.9 deg 2 . These large areas minimise sensitivity to any possible localized substructure in M31's halo. The east region contains ∼ 75000 stars, while the west region contains ∼ 85000 stars; this difference is in the right sense to be consistent with gradient in foreground density due to the Galactic disc. Our field regions are chosen to avoid the north-south direction because of the presence of NGC147's extended tidal tails and the dwarf spheroidal galaxies Cass II (Irwin et al., in prep.) and And XXV (Richardson et al. 2011) . A third low-mass galaxy, And XXVI (the least luminous of the three), lies within our west field region but we have excised stars falling within a 4 r eff ellipse centered on this dwarf (there are virtually no stars belonging to And XXVI outside this radius).
The CMD of the combined field regions is shown in the left panel of Fig. 3 , scaled to an arbitrary area of 0.25 deg 2 to ease the identification of the main features. This is comparable to the surveyed area within r = 0.3 deg (after gap subtraction) for NGC185 (∼ 0.20 deg 2 ) and NGC147 (∼ 0.27 deg 2 ) and hence should represent the level of contamination present in the CMDs of Fig.  1 . Besides the prominent foreground sequences, sources found at magnitudes greater than i 0 ∼ 23.5 (i.e. below our RGB box faint limit) are largely unresolved background galaxies (see, e.g., Fig 9 of Barker et al. 2012 ). The RGB of M31's stellar halo is barely visible due to its low density at these galactocentric radii. Finally, a few sources bluer than (g − i) 0 ∼ 0 are also present, representing an important source of contamination for the identification of possible young stars belonging to the dEs.
The right panel of Fig. 3 shows the Galactic foreground in the direction of NGC185 and NGC147 as predicted by the Besançon model (Robin et al. 2003) . Stars have been simulated over an area of 2.5 deg 2 centered at an (l,b) that lies between the two dwarfs and subsequently convolved with the observational errors from our photometry (as a function of magnitude only). We have not applied a correction for incompleteness. From the final catalogue of foreground contaminants, we extract a subset of stars by scaling their numbers to an area of 0.25 deg 2 in order to match the left panel of Fig. 3 . The simulated foreground sequences are broadly in agreement with the observed ones. We consider stars from the observed field CMD within the same RGB selection boxes drawn in Fig. 1 as our contaminant population in subsequent analyses. Finally, for the observed field CMD, we compute the colour histogram of sources that lie within the RGB selection box and have magnitudes in the range (i 0,T RGB NGC185 + 2.0) < i 0 < (i 0,T RGB NGC185 + 2.5). The overdensity of sources at colours (g − i) 0 ∼ 1 results from M31 halo stars, while at redder colours the Galactic foreground dominates.
Colour-magnitude diagrams as a function of radius
To explore how the stellar populations vary across the face of each galaxy, we construct CMDs in four elliptical bins spanning a range of radii and assuming the average PAs and ellipticities derived in this study (see Sect. 4). For NGC185, we restrict our analysis here and throughout the rest of the paper to 0.5 deg to avoid contamination from NGC147's tidal tails. The CMDs are shown in Fig. 4 and 5, with and without isochrones overlaid.
In both systems, a clear signature of an RGB population is seen at all radii demonstrating the significant extents of these dwarf galaxies. In addition, the width of the RGB clearly decreases as a function of increasing galactocentric radius, suggestive of a smaller dispersion in metallicity in the outermost regions. To demonstrate this, colour histograms for RGB stars (per unit area) in a narrow range of magnitudes ((i 0,T RGB + 2.0) < i 0 < (i 0,T RGB + 2.5)), assuming the TRGB of each galaxy) are constructed and shown as insets in Fig. 4 and 5. For NGC185, the width of the histogram distribution decreases from the first to the fourth radial bin, and the peak of the distribution also shifts bluewards. For NGC147, the width decreases from the first two to the second two radial bins, but the peak of the distribution does not significantly change. We note that the innermost radial bin for each galaxy is more incomplete at faint magnitudes, due to stellar crowding in these regions.
SPATIAL ANALYSES
We analyse the spatial distribution of different stellar populations in the observed CMDs. The top panels of Fig. 6 show the distribution (in standard coordinates, centered on each dE) of point sources falling within the RGB selection boxes drawn in Fig. 1 . The gaps between the CCDs in the MegaCam FoV and the saturated stars are clearly visible. Due to the higher central density of NGC185, the innermost ∼ 0.03 deg is mostly unresolved. Even in these point source density maps, one can see the significant larger extent of NGC147 compared to NGC185 and evidence of the tidal tails emanating in the north-west/south-east directions at large radii. These low surface brightness tails extend well beyond the area analysed here and are the focus of a companion paper (Irwin et al., in prep) .
To create smoothed density maps, we artificially fill these small gaps and holes through populating them to match source counts in adjacent areas. From the gap-filled distribution, we compute the RGB stellar density per arcmin 2 and smooth the result with a 2 × 2 arcmin 2 grid to produce the contour plots shown in the middle panels of Fig. 6 . The density contours of NGC185 are regular over its full extent, while NGC147 presents clear twisting of the isophotes at large radius due to the tidal material.
We use the density distribution of RGB stars to compute the position angle PA and ellipticity ǫ as a function of radius in the two galaxies. For this, we adopt the method described in McLaughlin et al. (1994) , which employs the first two moments of the spatial distribution. We begin with a circular aperture and calculate the moments, ellipticity and position angle for the enclosed stars within a given radius, using their formulas (8a), (8b) and (8c). We then iterate the process until convergence, i.e. when the shape of the adopted aperture and that of the underlying stellar distribution are the same. To investigate the possibility of radial variations in the derived quantities, we repeat this procedure for a range of radial annuli in steps of 0.1 deg, avoiding the innermost ∼ 0.1 deg where crowding limits completeness. The bottom panels of Fig. 6 show the PA and ǫ as a function of radius along the semi-major axis and the resulting ellipses are shown in the middle panels of Fig. 6 . As can be seen, the PA and ellipticity vary only mildly as a function of radius for NGC185 with the ellipticity becoming more pronounced at larger radii. On the other hand, as one progresses outwards in NGC147, the isophotes become rounder and the posi- tion angle twists strongly, both a direct result of the emergence of the tidal tails.
In the subsequent analysis, we adopt the average PA and ǫ inside 0.5 deg for NGC185 and inside 0.4 deg for NGC147.
We obtain PA NGC185 = 45.9
• ± 1.2, ǫ NGC185 = 0.22 ± 0.01, and PA NGC147 = 34.2
• ± 3.6, ǫ NGC147 = 0.46 ± 0.02. These values are in good agreement with PA NGC185 = 42.9
• , ǫ NGC185 = 0.23, and PA NGC147 = 28.4
• , ǫ NGC147 = 0.44, reported by Geha et al. (2010), who derived them from the optical photometry of Kent (1987) spanning ∼ 5 ′ and 7 ′ for NGC147 and NGC185, respectively. Ellipses corresponding to these parameters are drawn in the top panels of Fig. 6 .
We also investigate the spatial distribution of sources with (g − i) 0 < 0 which are candidate young MS populations. Fig. 7 shows a tentative overdensity of such sources in the central region of NGC185, while no obvious enhancement is observed in NGC147. This is consistent with previous studies, as further discussed in Sect. 5.2. Stars falling within the two foreground selection boxes drawn in Fig. 1 are homogeneously distributed, as expected for Milky Way populations. Sources classified as "extended" (and therefore rejected by our quality cuts) are also mostly uniformly distributed but show enhancements in the central regions of both dEs. This suggests that some fraction of genuine RGB stars in these parts are misclassified as extended sources due to blending. We will return to this issue in the next section.
RADIAL PROFILES
In this section, we derive radial surface brightness profiles for the dEs by combining diffuse light and resolved star counts. While it is challenging to trace diffuse light in faint galactic outskirts, this is the only technique applicable to the central regions, where high stellar crowding hampers the resolution of individual sources (see, e.g., Fig. 6 ). On the other hand, resolved star counts allow us to trace the light profiles out to the largest galactocentric distances probed by our dataset.
Surface brightness profiles
We exploit the PAndAS images to derive a g-band surface brightness profile from the diffuse light in the innermost 10 ′ × 10 ′ of each galaxy. After masking out bright stars, we compute the median of the pixel values in concentric ellipses (with our adopted values of average PA and ǫ). In order to derive the sky value, we average the mode of the pixel values in two ∼ 2.5 ′ × 2.5 ′ regions located at 15 ′ on opposite sides of each galaxy, and take the sky uncertainty to be the standard deviation of these values. We convert the resulting profile into mag per arcsec 2 , and de-redden by adopting the median E(B − V) value within the considered area.
The derived surface brightness profiles are presented in Fig.   8 . As pointed out before, the central surface brightness reached in NGC185 is higher than in NGC147 (e.g. Geha et al. 2010, and references therein) . For NGC185, we trace the diffuse light profile out ∼ 0.12 deg and find a best-fitting Sersic law (Sersic 1968 ) with r eff = 3.01 ′ ± 0.01 ′ and n = 1.80 ± 0.01. The dust lane in the central ∼ 0.005 deg 2 of NGC185 does not significantly alter the shape of the g-band profile with respect to redder bands (see also Kim & Lee 1998) . We cross-check this by measuring the average shift between the g-and i-band profiles within ∼ 0.005 deg 2 for both NGC185 and NGC147. We use the latter as a benchmark given the absence of dust and assume comparable ages and metallicities, and we find the shifts to be consistent within the errorbars. For NGC147, we trace the profile to ∼ 0.17 deg, and find r eff = 5.23 ′ ± 0.03 ′ and n = 1.36 ± 0.01. Geha et al. (2010) used the r-band photometry of Kent (1987) and the assumption of a constant B − V colour to derive V-band surface brightness profiles out to radii ∼ 7 ′ and 5 ′ in NGC185 and NGC147, respectively. They find slightly lower values of n NGC185 = 1.76 and n NGC147 = 1.04. Their Sersic fit is performed with fixed values of effective radius, adopted from De Rijcke et al. (2006) . These values are obtained from NIR (2MASS) photometric data in the innermost ∼ 4 ′ of each dE, and are r eff = 1.50 ′ for NGC185 and r eff = 2.04 ′ for NGC147, thus at least a factor of two smaller than our best-fit values. The factor of two difference holds true when we extend the comparison to previous scale-length estimates resulting from fitting exponential functions or King profiles (Hodge 1963 (Hodge , 1976 Kent 1987; Caldwell et al. 1992; Lee et al. 1993; Kim & Lee 1998) .
Number density profiles
To construct accurate star count profiles, we need to account for the contaminant level and its uncertainty. Fig. 9 shows the radial surface density profiles as a function of elliptical radius for RGB stars and blue sources in each galaxy, with the field contamination level and uncertainty indicated. These are calculated as the average and standard deviation of the number densities of objects falling within the RGB and blue selection boxes in our two adopted field regions (Fig. 2) .
Contaminants arise from Milky Way foreground stars, M31 halo stars and unresolved background galaxies. While it is rea- . Radial star count profiles for NGC185 (left) and NGC147 (right). Red circles are RGB stars, while blue diamonds are blue sources. The error bars are Poissonian. The red dashed line indicates the surface density of sources falling within the RGB box in the adopted field regions, i.e. the contaminant level (see Fig. 2 ), while red dotted lines indicate the dispersion around this value. The blue dot-dashed line is the contaminant level for sources falling within the blue star selection box. sonable to expect that unresolved galaxies and M31 halo stars are smoothly distributed across our FoV, the Galactic foreground may vary substantially. To check this, we have inspected the maps of the Milky Way foreground populations within the PAndAS area presented by Martin et al. (2013) . Their Fig. 2 reveals that there are no obvious foreground overdensities in the vicinity of NGC185 and NGC147 at magnitudes that would affect our RGB selection box. As a further check, we also use the colour-magnitude contamination model presented in Martin et al. (2013, their formula 12) in order to estimate the foreground number density in our RGB selection box, at the position of the target dEs. The values we obtain from the model are consistent with, but lower by ∼ 5 − 10% with respect to, our direct estimates. This may be due to the additional sparse M31 halo component, and/or to low-level foreground substructure.
The RGB star count profile of NGC185 approaches the contaminant level at 0.5 deg, and then plateaus at a value slightly above this. This is likely due to low-level contamination from NGC147's tidal tails which start to contribute in these parts. One the other hand, the RGB profile of NGC147 declines smoothly and remains well above the field level out to 0.7 deg. Fig. 10 examines how the contaminant-subtracted RGB star count profiles vary as a function of azimuthal angle. Each galaxy is split into eight 45
• -wide wedges, with the central angle of each wedge measured clockwise from the north-eastern semi-major axis. For NGC185, this analysis reveals no significant change in the radial profiles as a function of azimuthal angle. For NGC147, there is a clear excess of stars at large radius in the directions of 45
• − 90
• and 225
• − 270 • , consistent with the presence of the tidal tails (see Fig. 6 ). It can be seen that the excess stars in these directions is what causes the azimuthally-averaged radial density profile to remain above the field level out to 0.7 deg. In directions away from the tidal tails, the RGB star count profile falls off more steeply at large radius, and reaches the background level at ∼ 0.5 deg. Note that the RGB density profiles in all cases show a drop in number counts at small radii ( 0.05 deg), due to incompleteness in these parts. The radial surface density profile of blue sources is also shown in Fig. 9 . A mild central excess ( 2σ) can be seen in NGC185. While the presence of young stars is well known in NGC185, previous observations have indicated they are mostly confined to the inner ∼ 0.03 deg (Martínez-Delgado et al. 1999 ). Our observations suggest this young component may be more distributed, consistent with inferences from some other studies (e.g. Butler & Martínez-Delgado 2005; Marleau et al. 2010) . While NGC147 shows a marginal overdensity of blue sources in its central regions, this is probably not significant given the uncertainties. In both systems, the high central densities lead to incompleteness in the very innermost (< 0.05 deg) regions, leading to the turnover of the profiles.
In Fig. 11 , we show the contaminant-subtracted surface density profile constructed using only point sources (filled symbols) as well as point sources plus extended sources (open symbols), which fall within the RGB selection box. In the latter case, we only add extended sources in when their surface density exceeds that of the background by > 5σ, corresponding to a region inside 0.25 deg for NGC185 and 0.4 deg for NGC147. The motivation for including these sources is to account for stars that have been misclassified as extended due to the severe crowding and blending at small radii. Even after the inclusion of these sources, the innermost regions are still incompleteness-limited and hence we must resort to using diffuse light in these parts. The star count profile of NGC185 can be reliably traced out to a radius of ∼ 0.45 deg, corresponding to ∼ 5 kpc. For NGC147, we show the azimuthally-averaged star count profile as well as the profile along the major axis only, calculated as the average of the azimuthal profiles in centered on 0
• and 180
• (Fig. 10) . After field level subtraction, the major axis profile, which is virtually free from contamination by the tidal tails, extends to ∼ 0.5 deg, or ∼ 5 kpc at NGC147's distance. A steep break is present in the profile at large radius, most likely due to the ongoing tidal disruption.
Combined profiles
We combine the diffuse light profiles shown in Fig. 8 with the star count profiles Σ(r) in order to trace the surface brightness variation over a large radial extent. To do this, we use the relation µ(r) = −2.5 log 10 (Σ(r)) + ZP, where the zeropoint ZP is derived from the overlapping region between the profiles (i.e., r ∼ 0.1 − 0.13 deg for NGC185 and r ∼ 0.1 − 0.15 deg for NGC147). We obtain ZP = 21.37 for NGC185 and ZP = 21.36 for NGC147. In constructing these profiles, we use the azimuthally-averaged star count profiles for both dEs. Fig. 12 demonstrates the advantage of this technique, allowing us to trace the surface brightness from µ g ∼ 20 − 22 mag arcsec −2 in the central regions to ∼ 32 − 33 mag arcsec −2 at the largest radii.
We fit Sersic models to the composite profiles and report the results in Tab. 2. While our earlier analysis of the diffuse light was limited to radii within 0.2 deg, we can fit the composite profile out to roughly twice that radius. In particular, we fit NGC185 in the range of 0 − 0.45 deg and NGC147 in the range 0 − 0.4 deg, the latter chosen to avoid the tidal tails. For NGC185, the values obtained from the diffuse light and composite profiles are consistent with each other indicating that there is no strong change in the profile shape out to this radius. Beyond 0.45 deg, there is an excess of light compared to the extrapolation of the fit, but this is likely due to contamination of these regions by NGC147's tidal tails, as mentioned previously. For NGC147, both n and r eff derived from the composite profile fit are higher than the diffuse light-only estimates, suggesting the surface brightness profile might flatten somewhat beyond the inner regions. Additionally, the fit seems to provide a good description of the surface brightness profile even beyond the radial range of the fit.
The only other studies to probe relatively large galactocentric radii in NGC185 and NGC147 are Battinelli & Demers (2004b,a) , who analyse the distribution of giant stars in both dEs out to a radius of ∼ 0.3 deg. The scale-lengths α they obtain from exponential fits can be converted to effective (half-light) radii as r eff ∼ 1.668α, returning r eff = 4.2 ′ ± 0.1 ′ for NGC185 and r eff = 6.8 ′ ± 0.2 ′ for NGC147. These values can be compared to those reported in Tab. 2. The effective radius for NGC185 computed by Battinelli & Demers (2004b) is larger than ours, possibly due to the fact that they adopt slightly larger PA and ǫ values; the radius for NGC147 from Battinelli & Demers (2004a) is consistent with ours.
We derive total magnitudes by integrating our Sersic com- Tab. 1), our revised values based on new profile fits indicate that NGC147 is significantly more luminous than NGC185, arising from the significant luminosity contained in its wings.
METALLICITY DISTRIBUTION FUNCTIONS
The mean locus and width of the RGB are widely used as indicators of the metal content of a galaxy, given that they are more sensitive to metallicity than to age (e.g. VandenBerg et al. 2006 ). If it is assumed that RGB stars are coeval, the width of the RGB can be interpreted as the spread in metallicity within a galaxy. We adopt the updated 2012 version of the Dartmouth stellar isochrones (Dotter et al. 2008; McConnachie et al. 2010 ) with a fixed age of 12 Gyr and [α/Fe] = +0.0 to derive the photometric MDFs for each galaxy. We only consider RGB stars bounded by the [Fe/H]= −2.5 and −0.3 isochrones, with magnitudes i 0 < 23 and fainter than the TRGB. Metallicities are computed by linearly interpolating between isochrones with a [Fe/H] spacing of 0.2 dex. The influence of contaminants again needs to be taken into account when interpreting the MDFs. To assess this, we construct MDFs for point sources in the adopted field regions that fulfill the same colour-magnitude selection criteria as used for RGB stars in the dwarf galaxies. As before, it is reasonable to assume that these sources are not genuine RGB stars but foreground/background contaminants. We subtract the contaminant MDFs (after area scaling) from the MDFs of the target galaxies and fit a Gaussian to quantify the mean metallicity and dispersion. For NGC185, we find The MDFs as a function of radius are presented in Fig. 13 , using the same radial bins as in Fig. 4 and 5. We do not consider the innermost bin due to incompleteness. In the same figure, we report the mean metallicity and metallicity dispersion obtained from the best-fitting Gaussian (red lines) in each bin. The uncertainty in the individual RGB metallicity values is much smaller than the derived metallicity dispersion. We do not include the rejected extended sources in computing the MDFs as they comprise only a small fraction of the total source counts in the radial bins considered. ∼ −0.02 dex/kpc from 0.2 to 0.6 deg. This corresponds to ∼ 2.5 − 6.3 kpc, or ∼ 2.5 − 4.5 r eff . In the outermost bin, stars from the tidal tails contribute (see Fig. 11 ) but their stellar density is low and comparable to the contaminant count. The peak in the MDF at ∼ −0.4 dex probably arises from residual contaminants as it corresponds to a similar peak seen in the field MDF (see inset). If we make the extreme assumption that all stars with [Fe/H]> −0.7 in our outermost bin are contaminants, the best-fitting mean metallicity and metallicity spread change to <[Fe/H]>= −1.13 ± 0.28. Photometric metallicity estimates can suffer from uncertainties due to the underlying assumptions (i.e., a coeval old population) and due to the choice of theoretical libraries. While this limits their ability to return precise absolute values, the derivation of relative values, e.g. radial trends, should be robust. We consider the possible biases stemming from the neglect of intermediateage populations, which are known to be present in the target dEs (e.g. Nowotny et al. 2003; Battinelli & Demers 2004b,a; Butler & Martínez-Delgado 2005; Davidge 2005; Kang et al. 2005 , see also our Fig. 1 ). Both intermediate-age RGB and old firstascent AGB stars will populate the blue side of the RGB ([Fe/H] −1.0 dex) and thus will artificially increase the metal-poor fraction in the observed MDFs. If these populations are more centrally concentrated than the bulk of the old populations in these galaxies, as may be the case (Battinelli & Demers 2004b,a) 16 dex) for NGC185, and ∼ 0.03 dex (∼ 0.09 dex) for NGC147, thus not significantly affecting our conclusions about the difference in metallicity gradient between the two galaxies.
DISCUSSION
Our wide FoV observations have allowed us to survey the outer regions of NGC185 and NGC147, well beyond previous studies, and establish that the stellar extents of these systems are greater than the literature estimates. Until our work, the widest FoV CCD observations of these dEs have been performed by Battinelli & Demers (2004b,a) ′ on each side of the major axis. Our analysis maps the brightest ∼ 3 mag of the RGB over a region of 1 deg 2 around the target galaxies. After correcting for contaminants, we have shown that NGC185's population of RGB stars can be mapped out to at least 0.5 deg (or ∼ 5 kpc). In directions which avoid the tidal tails (i.e., along the major axis), NGC147 can be mapped out to a similar radius. The results of fitting Sersic models to both the diffuse lightonly profiles and the composite profiles yield effective radii significantly larger than most previous literature estimates by a factor of ∼ 2, and reveal NGC147 has significant luminosity in its extended wings. We argue that the larger effective radius and shallower surface brightness profile of NGC147 with respect to NGC185 are a result of its strong tidal interaction, and at this stage it is not possible to trace its originally undisturbed profile.
We find that stars in the outskirts of NGC 147 are distributed in a highly asymmetric fashion, with prominent tidal tails elongating in the north/north-west to south/south-east direction. This is in stark contrast to the regular isophotes which characterise the outer regions of NGC185. We cannot rule out the possibility that NGC185 has tidal tails which lie below the surface brightness sensitivity of the PAndAS survey. Tidal effects only become evident at radii where the local crossing time is longer than the time elapsed since a tidal interaction (Peñarrubia et al. 2009 ), and thus signs of the interaction are erased quicker in the inner regions of a galaxy. The tails in NGC147 become visible at a radius of ∼ 5 kpc and at a surface brightness of ∼ 27.5 mag arcsec −2 . The velocity dispersion of NGC147 is ∼ 1.5 higher than that of NGC185 (Geha et al. 2010 ), thus we would expect to detect possible tails in NGC185 at ∼ 7.5 kpc. Within this galactocentric distance we do not observe azimuthal variations in its radial profile (Fig. 10) , and if tails were present beyond this radius they would be consistent with the field level at a surface brightness of ∼ 32 mag arcsec −2 . We conclude that, if a tidal distortion is present in NGC185, it would be significantly weaker than what observed in NGC147.
These different outer structures may hold clues about the interaction histories of the galaxies. Some recent work has suggested that the two dEs do not form a bound pair based on their phasespace distribution functions together with the timing argument (Watkins et al. 2013) or on gravitational arguments (Evslin 2014 ). Comparing to cosmological simulations, Teyssier et al. (2012) argue that for NGC185 a past passage through the Milky Way is probable. On the other hand, Fattahi et al. (2013) suggest they could be a physical pair based on their proximity, similar luminosities and radial velocities. With the updated values of radial velocities and total mass from Geha et al. (2010) and the distances from Conn et al. (2012) , we find the ratio between potential energy and kinetic energy in this system to be ∼ 1, thus the extant data cannot give a conclusive result on whether the two dEs are bound to each other. Any model for the orbital evolution of the two galaxies needs to explain why prominent tidal tails are visible around NGC147 and not NGC185. A possible scenario is one where the two dwarfs were bound to each other in the past and, at their last pericentric passage around M31, NGC147 was closer to M31 than NGC185 was. A separation between the dEs of a few tens of kpc could result in only NGC147 experiencing a strong tidal interaction with M31, as demonstrated by the simulations of Arias et al., submitted. Geha et al. (2010) derived spectroscopic values for individual RGB stars along the major axis out to 0.25 deg for both galaxies, and more recently Ho et al. (2014) re-analysed the same sample with updated spectroscopic calibrations to derive MDFs and radial metallicity gradients. Our global metallicity and metallicity dispersion for NGC185, dominated by stars in the innermost ∼ 0.2 deg, are only slightly lower than the values reported by Ho et al. (2014) and can likely be explained by incompleteness in our star count data at small radii. This is reassuring when considering the uncertainties involved in our photometric method. On the other hand, Ho et al. (2014) find that the mean metallicity for NGC147 is about twice the value derived by Geha et al. (2010) , while our value agrees with the latter. Ho et al. (2014) argue that the higher value found in their more recent analysis would be consistent with the fact that NGC147 has experienced considerable prolonged star formation. Considering metallicity gradients, Battinelli & Demers (2004a) do not find a gradient for NGC185 from the ratio of C-to M-stars, while Battinelli & Demers (2004b) find that for NGC147 [Fe/H] decreases by ∼ 0.4 dex within the innermost ∼ 0.25 deg. On the other hand, Ho et al. (2014) find a strong metallicity gradient for NGC185 and none for NGC147. This latter result is in line with our results and we have been able to show that these trends continue to larger radii than previously considered.
Metallicity gradients have often been used in the past to constrain the origin of dE galaxies (e.g. Koleva et al. 2009 Koleva et al. , 2011 Spolaor et al. 2009 ). The formation of metallicity gradients in isolated dwarf galaxies is generally understood to be a physical process driven by internal feedback and by the stellar orbital anisotropy (Marcolini et al. 2008; Valcke et al. 2008; Revaz et al. 2009; Stinson et al. 2009; Pasetto et al. 2011 ), but their longevity can critically depend on the galaxy's evolutionary history. The rotating dwarfs simulated in Schroyen et al. (2011) display shallow gradients, while Schroyen et al. (2013) find that non-rotating dwarf galaxies can easily retain their gradients over many Gyr. Ram-pressure stripping and tidal interactions may also play a role in the evolution of dwarf galaxies, especially in transforming a dIrr into a dE (e.g. Moore et al. 1998; Mayer et al. 2006) , however models to date have not explored the consequences of these processes for metallicity gradients. Geha et al. (2010) 's analysis shows NGC147 and NCG185 continually rising rotation curves out to at least 0.25 deg. The ratio between the maximum rotation velocity and the velocity dispersion V max /σ for the two dEs is similar ( 0.9 for NGC147 and 0.65 for NGC185), and yet we find that they have completely different metallicity gradients. Leaman et al. (2013) compared dE and dIrr dwarfs within the LG, and suggested a correlation between V max /σ and metallicity gradient strength, with lower V max /σ corresponding to steeper gradients. Although this trend agrees with the simulations of Schroyen et al. (2011) (but see Ho et al. 2014) , it is at odds with the properties of the dwarfs studied here. The likely reason for this is the strong tidal disruption that NGC147 is experiencing and the rearrangement of material resulting from this.
CONCLUSIONS
We have performed a deep wide-field analysis of the resolved stellar populations in the dE companions of M31, NGC185 and NGC147. Using data from the PAndAS survey, we have constructed CMDs which reach down to ∼ 3 mag below the TRGB and allow us to conduct the first detailed exploration of the structure and stellar content of the peripheral regions of these systems.
Our results can be summarized as follows:
• RGB star count maps of NGC185 exhibit regular, elliptical isophotes out to the furthermost radii probed, while NGC147 shows prominent isophotal twisting and the emergence of extended tidal tails (see also Irwin et al., in prep.) ;
• we derive composite surface brightness profiles by combining diffuse light in the central regions of the dEs with resolved stellar counts in the outskirts, enabling us to trace them to magnitudes as faint as µ g ∼ 32 mag arcsec −2 . The profiles of both galaxies can be fit by single Sersic profiles: NGC185 shows a much steeper profile with a higher central surface brightness with respect to NGC147. Surprisingly, the effective radii we derive are a factor of ∼ 2 larger than most previous literature estimates based on smaller FoVs. We use our new profiles to recalculate the integrated magnitudes of the two dEs, concluding both are more luminous than previously recognised and that NGC147 is roughly a magnitude brighter NGC185;
• we derive photometric metallicity distribution functions for the RGB stars. An analysis of the radial variation in [Fe/H] reveals a pronounced negative gradient in NGC185 (∼ −0.15 dex/kpc in the range 0.125 < r < 0.5 deg, or over 2.7 kpc) as opposed to NGC147, which shows a relatively flat metallicity profile (∼ −0.02 dex/kpc in the range 0.2 < r < 0.6 deg, or over 2.5 kpc).
The strong evidence of tidal disruption in NGC147 suggests that these two dEs have experienced markedly different evolutionary histories. NGC147 shows a shallower surface brightness profile and metallicity gradient than NGC185, which is likely to result from environmental effects, rather than internal evolution (e.g., rotation). Our observations will be crucial for constraining models of the past histories of these closest dEs.
